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1
Introduction
Based on RAN4 agreements we agreed to introduce a SCell measurement cycle in last RAN2 meeting. During the discussions some companies proposed to introduce additional measurement cycles opposing RAN4 decisions and these values were proposed without providing any sort of input about the need for such additional values. In this paper we provide a background as presented in RAN4 about the need of new measurement cycles.   

2
Simulation results for scenario 4
In [7] an extensive amount simulation results were shown (also seen in the appendix A) and it was clearly shown that  longer and configurable measurement cycles for measuring deactivated SCells are suitable even for heterogeneous CA deployment scenario 4 with macro and RRH cells. Below we summarize results for the case of 50km/h (3km/h results in Appendix A) for number RLFs, required handovers and the impact to user throughput with different SCell measurement cycles:

The impact of measurement period length for deactivated SCells on Radio Link Failures (RLF) is analyzed in figure 1.  The average Radio Link Failures per call are studied both for the case that PCell handovers are disabled and enabled in order to understand if PCell handovers affect RLF rate. Again both of the Scenario 4 variants are simulated. 
With 50 km/h UE speed some differences can be observed between PCell handovers disabled and enabled. In the scenario, where RRHs are close to macro cell centers, number of RLFs increase when PCell handovers are enabled compared to the case that PCell handovers are disabled.  With PCell handovers enabled also measurement period has some influence on number of RLFs but with all the simulated measurement periods including 200 ms measurement period the number of RLFs is higher than if PCell handovers were disabled. In the scenario, where RRHs are at cell edge of macro cells and UE speed is 50 km/h, shorter measurement period reduces RLFs somewhat with PCell handovers enabled but the difference is not significant. Again when PCell handovers are disabled, measurement period has very little impact of the average number of RLFs.
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RRHs close to Macro cell center 









RRHs close to Macro cell edge
Figure 1 Average Number of RLFs per Call ( 50km/h & Full Buffer )
In the following figures Figure 2 to Figure 3 we show simulation results for the number of all handovers during a call and the number of inter-frequency PCell handovers per call for PCell handovers disabled and enabled in the same set of scenarios and UE speeds as earlier. As expected, the number of handovers per call increases significantly in both of the scenarios 4 and with all simulated measurement cycles for deactivated SCells. The increase is mainly caused by inter-frequency PCell handovers, which do not appear if PCell handovers are disabled.  Longer measurement periods and thus measurement cycles keeps the number of handovers somewhat lowers but anyway clearly higher than if PCell handovers were disabled.
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Figure 2 Total Number of HOs per Call ( 50 km/h & Full Buffer )
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Figure 3 Inter-Freq. Handovers / Call ( 50 km/h & Full Buffer )
Finally we also study if measurement periods of deactivated SCells have noticeable performance impact on user throughputs in figures 4 and 5. The user throughput results indicate the same trend as earlier results; measurement period for deactivated SCells ranging from 200 ms to 1600ms does not have significant impact on user throughputs either. 
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Figure 4 Macro User Throughputs ( 50km/h & Full Buffer )

The results and findings presented in this section show that longer measurement periods for deactivated SCells (in order of 1600 ms) are suitable even for heterogeneous CA deployment scenario 4 with macro and RRH cells. Thus we propose not to introduce any shorter measurement cycles especially when considering slower UE movement (e.g. 3km/h as shown in the appendix) and increasing measurement cycle has minimal impact to number of RLF or user throughput. 
Proposal 1: Do not introduce any shorter SCell measurement cycles than those suggested by RAN4
4
Conclusion
In this paper we analysed a RAN4 contribution showing simulations on SCell measurement cycles and lead us to following proposal:
Proposal 1: Do not introduce any shorter SCell measurement cycles than those suggested by RAN4
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Appendix A (simulation results)
A.1 System simulation results for measurements of deactivated carriers
We have simulated two variations of the Scenarios 4 presented in Figure 1and Figure 2. In both of the two cases the carriers F1 and F2 are adjacent at 2 GHz band. The focus of this contribution is to provide further information on system performance with longer measurement cycles for deactivated SCell measurements. Simulation results are presented for different measurement periods but as the measurement period is expected to be defined using signaled measurement cycle (5* measurement cycle), we also learn how different measurement cycles affect the system performance.
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Figure 1 Scenario 4 with Cell Center RRHs and 2 RRHs per sector (100m distance between RRH to macro eNB) 
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Figure 2 Scenario 4 with Cell Edge RRHs and 2 RRHs per sector (200m distance between RRHs and macro eNB)
In the earlier RAN2 discussions it has been suggested that PCell handovers would ensure that PCell always remains stronger than SCell. In order to understand all the implications of PCell handovers we have performed simulations with and without PCell handovers between the macro and RRH frequency layers. 
PCell Mobility options:
· If disabled, the UEs keep macro cell always as PCell 
· If enabled, UEs may perform inter-frequency handovers to change RRH as a PCell 
Originally in TS36.300 it has been mentioned that Mobility is performed based on macro layer, which corresponds to the “disabled” case above.
In the simulations we have used the following measurement periods for de-activated SCell measurements ( SccMP ); 200ms, 400ms, 800ms and 1600ms. Measurement period is 5*measurement cycle. For PCells and activated SCells the measurement period is normal 200 ms. 
A.1.1 
Statistics for Simulation Results
In Figure 3 and Figure 4 we present DL spectral efficiency results with different measurement periods for deactivated SCells for both of the Scenarios 4 described in Section 1; RRHs close to the cell center of macro cell and RRHs close to the cell edge of macro cell. The results are shown for UE speed of 3 km/h and 50 km/h and for the Macro frequency layer and RRH layer separately. In the results of Figure 3 and Figure 4 handovers for change PCell between the frequency layers are disabled. The corresponding spectral efficiency results with PCell handovers enabled are shown in the Annex A of the contribution. From these spectral efficiency results we can observe that measurement period of deactivated SCells ranging from 200 ms to 1600 ms has very little impact of spectral efficiency of macro layer or RRH layer.
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RRH Layer
Figure 3 Spectral Efficiency ( 3km/h, Full Buffer & PccHOs Disabled )
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Macro Layer 













RRH Layer
Figure 4 Spectral Efficiency (50 km/h, Full Buffer & PccHOs Disabled )
Next we investigate impact of measurement period length for deactivated SCells on Radio Link Failures (RLF).  The average Radio Link Failures per call are studied both for the case that PCell handovers are disabled and enabled in order to understand if PCell handovers affect RLF rate. Again both of the Scenario 4 variants are simulated. In case of 3 km/h UE speed presented in Figure 5 no noticeable differences are observed between different measurement periods or due to disabling or enabling PCell handovers between the frequency layers. 
With 50 km/h UE speed some differences can be observed between PCell handovers disabled and enabled. In the scenario, where RRHs are close to macro cell centers, number of RLFs increase when PCell handovers are enabled compared to the case that PCell handovers are disabled.  With PCell handovers enabled also measurement period has some influence on number of RLFs but with all the simulated measurement periods including 200 ms measurement period the number of RLFs is higher than if PCell handovers were disabled. In the scenario, where RRHs are cell edge of macro cells and UE speed is 50 km/h, shorter measurement period reduces RLFs somewhat with PCell handovers enabled but difference is not significant. Again when PCell handovers are disabled, measurement period has very little impact of the average number of RLFs.
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RRHs close to Macro cell center 









RRHs close to Macro cell edge
Figure 5 Average Number of RLFs per Call ( 3km/h & Full Buffer )
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RRHs close to Macro cell center 









RRHs close to Macro cell edge
Figure 6 Average Number of RLFs per Call ( 50km/h & Full Buffer )
In the following figures Figure 7 to Figure 10 we show simulation results for the number of all handovers during a call and the number of inter-frequency PCell handovers per call for PCell handovers disabled and enabled in the same set of scenarios and UE speeds as earlier. As expected, the number of handovers per call increases significantly in both of the scenarios 4 and with all simulated measurement cycles for deactivated SCells. The increase is mainly caused by inter-frequency PCell handovers, which do not appear at if PCell handovers are disabled.  Longer measurement periods and thus measurement cycles keeps the number of handovers somewhat lowers but anyway clearly higher than if PCell handovers were disabled.
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Figure 7 Total Number of HOs per Call ( 3km/h & Full Buffer )
 SHAPE  \* MERGEFORMAT 



Figure 8 Inter-Freq. Handovers / Call ( 3km/h & Full Buffer )
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Figure 9 Total Number of HOs per Call ( 50 km/h & Full Buffer )
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Figure 10 Inter-Freq. Handovers / Call ( 50 km/h & Full Buffer )
Finally we also study if measurement periods of deactivated SCells have noticeable performance impact on user throughputs. The user throughput results indicate the same trend as earlier results; measurement period for deactivated SCells ranging from 200 ms to 1600ms does not have significant impact on user throughputs either. 
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Figure 11 Macro User Throughputs ( 3km/h & Full Buffer )
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Figure 12 Macro User Throughputs ( 50km/h & Full Buffer )
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Figure 13 RRH User Throughputs ( 3 km/h & Full Buffer &  2UEs/Cell) )
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Figure 14 13 RRH User Throughputs ( 50km/h & Full Buffer & 2 UEs/Cell))
The results and findings presented in this section show that longer measurement periods for deactivated SCells (in order of 1600 ms) are suitable even for this heterogeneous CA deployment scenario 4 with macro and RRH cells.  

